Abstract-We propose and demonstrate characterization of 8-stage LiNb03 polarization controller (PC) by using Genetic Algorithm. An ability of GA to work efficiently in polarization control system possesses many advantages including easy code construction, consumption low memory and fast control speed. This algorithm is intelligent enough to characterize the PC accurately in 300 f.lS.
I. INTRODUCTION
In coherent optical communication systems, polarization matching between the transmitted and received signal must be guaranteed [1] . The challenge comes due to instability of the endless and fast polarization controllers [2, 3] to track polarization variation without any interruption. Any resets of finite range retarders which transform the polarization, shall cause no significant intensity loss [4, 5] . Polarization controllers typically use electro-optic polarization transformers to achieve fast response time [6] . Lithium niobate polarization controllers are fast with response speeds in the sub microsecond order [7] .
In high-speed transmission, even a short time of undesired polarization mismatch may cause loss of data. The first electro-optic endless polarization control uses an analogue electronic feedback loop. The response time of the control loop is about 150 ms [8] . Another technology involves an electro-optic polarization transformer with a simple electronic feedback circuit. The response time of the polarization trajectory is about 20 ms, which is better than the previous one [9] . For improving control speed, many algorithms have been proposed for polarization controller, which were developed with sophisticated programming and high complexity [10] .
Characterization process is an important stage that needs to be completed before the device can be installed in the system. To our knowledge, manual characterization is still the only way available to date. It would be convenient if automatic process can be implemented that will save a lot of time and at the same time improve the accuracy. In this paper, we present an automatic polarization controller characterization by using Genetic Algorithm (GA) as the decision maker and micro controller as the decision implementer.
II. LINB03 POLARIZATION CONTROLLER
The polarization controller schematically shown in Fig. 1 , is manufactured on low-birefringence, X-cut, Z-propagation LiNb03 crystal by diffusion from titanium waveguide [7, 11] . It is a commercial electro-optic polarization transformer 978-1-61284-264-6/11/$26.00 ©2011 IEEE from EOSPACE [11] [12] [13] consists of 8 cascade stages with a total insertion loss of 2.1 dB, low polarization dependent loss (PDL) and operates using different combination of drive voltages [12] . Each section consists of a centre electrode on the waveguide, which is connected to ground (V3) and two electrodes placed on both side of the waveguide (V), V 2) ' It can transform any arbitrary input polarization state to any arbitrary output polarization state when suitable voltages are applied [14] . 
III. GENETIC ALGORITHM
Genetic algorithms (GAs) are search procedures that use the principle of natural genetics. It was first developed by John H. Holland in the 1960's [15, 16] , and uses function optimization and artificial intelligence to develop a solution. The basic operation of a genetic algorithm is simple. First populations of solutions to a problem are generated. Then the better solutions are recombined with each other to form some new solutions. Finally the new solutions are used to replace the old original solutions and the process is repeated until the best solution is obtained [17, 18] .
IV. PRINCIPLE OF OPERATION
Our objective for characterization of LiNb03 PC is found the method to minimize the intensity. From the characterization setup in Fig.2 , intensity disappears when the polarization states (input of laser and output of PBS) are orthogonal. Intensity optimization can be achieved by using GA. GA repeatedly modifies a population of voltages. At each step, it selects voltages by using different methods and performs different operations to produce the better voltages. Each successive voltage "evolves" toward an optimal solution. The algorithm capable to provide 16 suitable voltages until the feedback signal reaches null intensity in the photodiode. It involves 20 experiments. These voltages suffer from the unwanted errors (noise). Even though the results can be used to observe the PC characteristic and determine its performance, it cannot be used as the input to the fast polarization control system. The purpose of GA technique is to increase the number of experiment to construct an endless system with high accuracy and fast speed. In the previous study [20] , the characterized data were stored in the Look Up-Table for fast decision making. In this study, the algorithm is intelligent enough to provide required voltages without utilizing any Look-Up- Table. From FigA, it can be witnessed that certain combination 
VIII. CONCLUSIONS
Characterization of LiNb03 PC by using GA is successfully demonstrated. By using this technique, the time consuming process can be realized in sub miliseconds period. This finding may lead towards automation process and give huge impact to the industry.
